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(54) SURFACE TREATMENT METHOD OF STEEL PIPE COUPUNG MADE OF HIGH 
CHROMIUM ALLOY STEEL HAVING EXCELLENT ANTI-GALUNG PROPERTY 

(57)Abstract: 

PURPOSE: To improve the antiseizure property at the 
time of fastening and loosening, by applying a solid 
lubricant or the like, as well as providing a nitrided layer, 
an iron plated layer, and a manganese phosphate system 
formation treatment covering layer, on a screw and a 
metal seal which consist of a high Cr alloy steel. 
CONSTITUTION: A coupling member 1 and a steel pipe 
tip coupling 2 are connected through a screw 3 and a 
metal seal 4 forming the coupling parts respectively. In 
this case, to the screw 3 and the metal seal 4 which 
consist of an alloy steel having 10wt.% or more of Cr 
inclusion amount, a nitrided layer with the thickness 1 to 
20^m, an iron plated layer with the thickness 0.5 to 15|ii 
m, and a manganese phosphate system formation 
treatment covering layer with the thickness 5 to 25^m 
are provided respectively. And a solid lubricant including 
molybdenum disulfide powder, an epoxyresin, and a like, 
and consisting of the composition ratio (wt. ratio): 0.5< 
(the inclusion amount of molybdenum disulfide powder)/ 

(the inclusion amount of epoxyresin or the like)<3.0 is coated thereover. Furthermore, a heat 
treatment is applied, and a three-layer coating layer which consists of a solid lubricant coating 
layer with the thickness 10 to 45|am is provided. 
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#wa) X { {^^^^m.A. 2oo®xjp4^>'«a&) 
(^^^^g-ft} =1.3 (aait) 
(ou^vcxm^^n^mvmmm^ymv. i s otct 
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i*5<fcr;fc:>2(ofei;g83t^ i5^;^->-;^«5 4 (c a p i 

BU15A2 Sect affi^CDa >;1'^> Ki^^U-X 
^^^L.> V— >/UBS4tC3, 0 0 0 kg/cm2 CD®ffi 

^ T « ^ # ^ ^: A 1/ CO 5g ^ ^ ^ i; ;^ o 

10 

[0 0 3 7] \mm\ 

h^ffiViT> ;<7!yyU>^l i:tr>2(0:faii;gB3:fe<trX 
^^;i/->-;i/g54<DS®S;*:a$:£3 S/zmlCglSEb 
1t. m&M^. TKftb, 0. 8g/lC0 (^^z^ziu-i 
H-tfDU>KV-^ «tftJ2l3g$rffV\ (8. 7g/l 
Mn=^*~0. 2g/l N12*-o. 6g/i Fe^"'-32, 
3g/I PO^*- -5. 7g/l NOs - -0. 6g/l 

9 or, lQS^f^<DSm^mi.X)t^mh\^tc. 

[0 0 3 81 mmm2 

1 ^*^iiiii?PJ^^iiTSiJ!g^ffVK (1 0 %HN03 

+ 19gHF) lS*SS«fcctD^m> 3 0»6!>KiSfe, *ft 
Wi. (2 5 0 g/lFeSO4 •7H2 0-4 2 gXl 5Z? 
FeC I2 • 4H2 O-2 0g/lNH4 C 1) l^jfij* 
<D«M»6o#?§*^V>TSil6ffifl|l 0A/dm2 ^6 0 

^St^B^lC (9. 5g/l Mn2*-0, 1 5g/l N i 2 + 
-1. Og/1 Fe2^-3 6g/! PO-.^' -6. Ig/l N 
Os - -0. 3g/l F- ) »»:!&i^;^^SIKv>:^J>» 

{t^mmm^m\^^r. 9 5t:. i o^)'^cDS[i3sic<fcD«s 
2 . 8 mo- Wft^ u ^y'>mMh^m^=Fm 1 

{ (¥i^«S:^^2. 8 Mni(^)z:Bfefl:^uyT^>«»*) CO 
^Wfi) / { (W-i^^^&l 8 5(7):7^>«||i) (D^rn 
S} = 1 . 8 (Sfiit) 

cDai^KitT«^$ti^H*i8tt»J^^*b. 2 0 O'er 
8 um^^ZSJSHiimm&mm l 5 Mm3&^e>:^^H®*K 

m^wmmzm^ikLnbTco mmmitmmiz. a>/t so 



1$M¥8- 1 0 5 5 8 2 
^>V^O-X^m^V. zy-)V^4\Z4, 0 0 0kg 
y:f. yu-^T^h<D»r)Mh^Xh^n-orzo 

^tAi^um^ur)±crzo 

[0 0 3 91 iti&m2 

1. 5Mm<D«8?>o^®a:l 8MmO«Kv>:^f>9Rfl: 

^mmm^mntz. ^ib\z. ^mm2^m~'U^(owiW^ 
mmm^m^Xy. 2 0 ox:x3 o^m(omm^—^>tf 
9m^^v. mmm 2 t.m-u^xm^^n:^m^ 5 u 
m(Dm^mm&mm^m^^v^x. Ymm^\^fz. ^ 
vcmi^mmm 2 iLm-^Vrxwrnm^^n-Dtzi^m:. 

[0 0 4 0] mi&ms 

h (J^T^tlOO, JK:^5kgf/cm^ 60 
m \Z^^^9!itmk> (2 55gNaCN~ 1 0%KCN 
-2 5%NaCNO- 1 O^KCNO-2 09gNa2 C 

03 -io%K2 C03 ) i^mmmm^x. 5 7 ox:, 
fco m^^^mtt^it^^mMmz^^um. io%h2 

0. 5 g/ 1 <0 (•T>::*J>nn-r t!DU >KV-- 

^ ^m9mm^m^^^x^mx2 oi^m<r>m9m^n^ 

Xi)^^. (8g/l Mn^^-O. 3g/lNi2--o. 2g/ 
I Fe2*-2 9. 5g/l PO43- -5. 4g/l NO 3* 

~o. 3g/! F- ) ^mf)^^ni^mm^>is>^^&wk 
mm^m^^x. 8 5t:. iz^m<r>im\z^K>mm^> 
^ymt^mm^mm^mntz. *v>t, ^i^K^s 

3 . 0 A mCOZl^ft:^ U >l&*<h^i^5>TS 2 0 , 

0 0 oo:^^UT^ ^\^mm^^^^»t:\^x^^r 

^tt^\z. 

{ (¥i^fe^^3. 0Mm(Oz:iiijtffc^U>^x>«&*) CD 
/ I (¥^4*^32 0, 0 0 OcOTpUr^ H-f 
^F^llt) CD^^S) =0. 8 (SSit) 

(DiamTai^^n^H^ismaj^^A-u. 2 5 ot:^ 
3o^m(Dim^-^>if9m'^ii&\^x. mvs^mm^m 
m^mnz. rut)-^. ^^momm\z^K^tiy:f^j> 
^ i(Dt^vu3:/^(E>zs\z::^^)i->-)m4\z^n'en^ 
immm loum. mm^>fj>mts5is&m&mm 1 2 
umi^^zsmi^mm^mm 1 5 fimib^^fx^^mjkmm 
^mmuizm^'tti^ibrzo mmmi^mm^z. uy/^^ 

>H^U-X^^^L. S^-;i/a^4JC4, OOOkg/ 
cm* cz>ffim*##U'P'::?, mmm\zMlyX:<-'^Ty 
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[0 0 4 1] it^ms 

^mm} / K {¥^4i^^fi2 0,0 0 o<o#UTa h-t 

^HWfiM) c^^^fi) =4. 0 (SSJt) 

3 0^>M<Z>apSft^-=*->i/fflS*JfibT, 1 5 Mm 

I/, ;^aS4fC4, 0 00kg/cm2 <©MJK^f*J^ 
boo, ftl^gBfc^f bT;*-^T'y:?^, 

[0 0 4 2] ^;^^4 

1 &*mMJiS9§ffiViTK!B^fTV^. (1 0%HNO3 

+ i%HF) %A^i^m\z^y)MuxAh^(Dm^^. 

(3 3 0g/lFeSO« -THs O-lOg/lNi 
Clz • 6H2 O-10g/ICoCl2 • 6H2 O- 

2 0g/lNH4 Q\)^^^^m^X7. 5 A/dm 
^ - 1 3 0»P«1(Om«ia31(c:J:D. Fe~l%Ni-l 
9gCo5S^^«e)-^^S^^tJ:t, 105g 

H2 SO4 ?§{C<J:^ 1 Og^cDKIfe. -^^^n-ox. fi^ 
(8g/l Mn2*-0. 3g/I Ni2*-0, 7g/l Fe 
2*-29. 5g/l PO48- -5. 4g/l NO 3- ~0. 

5g/i F- ) ^mti^^fx^mmr^>i3>m\:mmmm^ 

mCD-SSIb^ U :/7^>l9*i:^^»TS 1 8. 0 0 0 CD 

^^ra} / { (¥i^5>^ai 8,00 oco^j^ut^ h< 

<^^^a) =1. 8 (SSJt) 

iyi<7)^i;sg3/cte.t;tcpC:$^ ;p 4 tc-t n-^'n f 

e-l%Ni-19gCo«^&de)-D#®2. 5Mm. « 



«rM¥8-l 0 5 5 8 2 
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;UgB4tr4, 0 0 0 k g/cm^ CD®J£$## 
LOO. m^mzMlyX:^-!7Ty':f. ZfU-^T^h 
C0jiD?Mb5"X h^fTo;to ^T^XhCDl 2EIg^T« 

[0 0 4 3] lt«^W4 

ifc*#bT, mmms tm-:^mz^r)^cm3:^^xf 

:^^JVi^—)im4{ZFe-l%N i ~l%CoS^^«?) 
o^S2. 5Mmt«5Kv>:tf>jfS^t:^ja31iSKSl 7 

'eo^y'ym^t^^^i^mi 8. oooo^sut^h 

{ Wi^ftTS3. 5 AtmCDz:fiS>(b^»jyx>«^?^) <D 
^^fi} / { (¥i^4>?«l 8. 0 0 0©?}^UT5 K-r 
^F^fli) <^^Wfi} =0. 2 (S«it) 

3 o»m(ommt^-^>!/mm^mvx. jp$ 1 2 
(Dmi^mmjkmm^m&^Visbx. itmrn^hrzo mit 
^ttizmmm 4 1 > ^ ^ u 

i^— ;I/S54JC4, OOOkg/cm^ ODffiJE^ft^ 

boo. m^mzMlyX^-^T^:/. :fu-^70h 

b<. mmum^^mLft. 

[0044] ^J6W5 

mum A ViTf^^fib^^crtS 7 >^c^):^; *y :/U 

(aTS#10 0, f£tf5ks f y^cm' , 9 Of}>) fc 
<J:Sfl»«l31^, (2 5 5^NaCN- 1 0 5gKCN-2 0 
%NaCNO- 1 5%KCNO-2 0%Na2 CO3 - 

io%K2 C03 ) ^mmmm^x. 5 8ot:> i55> 
w<?)jn«iSffc;«i3a£jgb> :t-f;wtxtfT?&aib/t« m 

mmmM^yK^mmmiz^^sim. io%h2 so^ 

5#<^Kft, TKfflc^. 0. 5g/l 

i:^^MT2j:>KOia^8lSxe^ffoT;5^^, (9. 0 
g/l Mn2--0. 2g/i Ni2*-o. 6g/l Fe'*-3 
3. 5g/l PO4'- -5. 7g/l NO 3" -0. 6g/l 

F- ) ^mf)^^ys.^mm'^>:^>^itmmmm^m\^^ 
X. 9 or. 1 o^m<Dmm\z^omm'^>fs>mt^ 

m(Dz:eSfl:^»J:/5^»t&^i:¥l^i>^M2 0, OOOO 
#U7^ H-f ^ F«Ig$r^SJ5g^^<t:bT-^W-r-5ai<h^) 

{ (¥J%fii^S3. 0MmCDr:«S<l:^U:/5*>!»*) <z) 
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^mm) (D^^m =1.0 (SMJt) 

^fflas 11. 5 mm^>:»>j^it0imm&.mm 

13. 5 /im*5J:Z/H«ct^m^M^ 1 8. 5//m;0ie>5^ 

tr> :*!yP^U>iyi:fe<J:(y:fcf>2CDIaL:eS3a:>i^Jl/- i^? 

^ JUi^-)im 4 1- n > > H ^ U -X L:^ 
*#TT, ;1/854{C3, 5 0 0 kg/cm^cOffiJEE 

[0 0 4 5] it««aj5 

^ffl V:^T;^ >;/ y U >^ 1 (D^bUgg 3 :^5ci:r;^ ^^JUS^-Jl/ 
BB4 0*M^:i*cffi$^2 0 /[^miciliib^^o 1 

<0:^m\ZJzr)m'^ 18.5 MmOHfrSft^feM®^?^]* 

itfew^ufco Uit^wz. mmm4^mm 
\zzi>/to>}i^o-x^m^'r^z:tf^<. 

xh^ff-oit. ^(omm. »r)Mi^^xh4mm\zmi^ 
mm&mm(Dmn. mmizmmr^m^n^hAz^uo so 

[0 0 4 6] mmme 

l«r;jC«ffillliSllS:^iriT«ilig<&fTV\ (1 O^HNOa 
4-l%HF) «*S«{CJ:0SS. 60#cO^^5fe^. 
(3 0 0g/IFeSO4 • 7H3 O- 3 5 g/1 N i 

c i2 • 6H2 0-3 0 g/ 1 Hs BOs > ^m.^(om 

ma6o^?S^fflViT«SS^Sl 5 A/dm^ T8 2. 5 
1S^m(r>nM9SM\Z^K^. Ni-g-^fiS. 5 5gC0Fe-N 

oa mxm^. zi&omt. a^ic (s. 7g/ 

1 Mn^^-O. 2g/I Ni^^-O. 6g/I Fe^^-S 
2. 3g/l -5. 7g/l NO 3- -0. 5g/l 

F- ) ^mti^^u^mm^>'f5>m\:.i^9!kmm^m^^ 
X. %^x:. io»m(o9m\z^^mmrryiiy^it^ 
mm&mm^^^^\^}sbtc. :$o^^x. ¥i%feTg4. o 

^fil 6, 0 0 0(D2f?'JT^ K-f^ H«8M^^S^^3^(h 

Lx^m'ir^tiL%\z. 

C { (^i^)e^S4. 0/imCOZUS{b^U:/x>«&?K) 5» 
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(0 7 5 mm% t (w-i^i&^m i . o p^mozimit'e u :/ 

02 5Ma%;&^e);5:'5z:BS'ffc^U:/7'>ig& 
m (O^mS) / { (¥i^i)^Tfil 6, 0 0 OCD^^U 
T^H^^H^Si) CD^^g} =1. 1 (SfiJt) 

2 5 5jracoip^^-:^>ijfi!is^jfibT. 

B^liJtfeo -tUf^^. %m^(D^mz^ryfiy^^yz^ 

9\(r>u\:.m3U^xs\z:^^ 4 ic-en^n f 

e-N i 5S'&^esi>o€B3. Omih, «KT>:^f>*Yfc: 

msm&mm i s Mm*3<i:tXB«ja?&si«B i e /zm;&> 

4, OOOkg/cm^ OMff^M^L''^:^. «^8Btc 
^ffofco R5rXh(;)l 3 0@^T«SI#f^^i:Ai/l/ 

(r>^±^^\:^n,is^^tzfi\ 1 4[pi@ot*x hJci5iiTai 

^f* # A 0 ^ Dfc. 

[0 0 4 7] ittS?^6 

wznx^Xs %ism4tM—')5mz^yy^\:.^ziQ^xs^ 

:^^)\^l^—y^4\z^^~Z, 5%N i 

4{r4, OOOkg/cm^ <D®ffi5£(>t-^L't>::3. jBI^ 
Xh^ff-Qfco J»03gb5^Xh7lpIBtC@ft: 

[0 0 4 8] IIJ6M7 

1 ^TK^SKI^^B^ffl^^^TKgg^frl'i. 1 0 %HC 1 
^gffCJzD 5 0t:T3 0#(^K^5fe$:fTofc^. (1 5%N 
aCN-2 0%KCN-1 5 %N a CNO- 1 0 %KC 
NO~2 0%Na2 CO3 -10%K2 CO3 ) %mm 

mm^x. 5 9 or. \(^9t'^<f>immmtWkm\^. 
^^)\'n7.^xi^n\ytz.. ^mc9mM^i^^wmi\z 

i*. a-^tC (9. 5g/IMn2*-0, 1 5g/l 

Ni^^-O. 4g/l Fe'*-36g/l PO^'" -6. 1 

g/i NO s- -0. 3g/i F- ) %mis^^u^mm,^> 

ii^^%^^%M^^m^^X. 9 or, 2Q^Wi<^%M\z 

^ r) ^immm^m\zmi!^'^ y:^>m<ti$.mm^mm^ 
^j^itLa^^^Co :k^^x. *^>7'U>^?^i^i 8 om 

:fei:OT1^4)^^fi2 0, 0 0 0 co^j^U H-f ^ H«J[g 
C I (¥i^S^S4. 3Mm<Z>-fiS{b^U:/5'>»*) 
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(r>7 1^m%t Wi^Je^gl. OMmCDCuJl^*) CO 

= 1. 0 (S«it) 
154 iMa%> 

mzm^^iy^^L. ^mit.nmz::i>n^>\^if^j 
[0 0 4 9] mtmi 

miimi^^m^^^xw^m^r:Ln^7-(>^<otiv^^)>^ 20 
i\zn\^x. mmmi t.m-:hm\z^r)^\zm^z h:^^ 
)v>'—)vm4\zmt9Stmm7. SMm^^tt^o 

$ 1 5 ixm(Dm^m^Amm^m^^v^x. ^^mt, 

X^S^U zy—)V^A\ZA, 0 0 0 kg/cm2 (DM 

h 8 ]B^B\z^wmm&mm(Dmm^. m^mfs^mm 30 
[0 0 5 0] mmms 

+ 196HF) 5g*SJ«fCJ:D^M-C6 0#(^>Ki5fe. *«t 
a. (2 5 0 g/lFeSO4 -7H2 0~42g/l 
Fee I2 • 4H2 O-20g/l NH4 C 1) ^ffl^ 

tSfe^it-^tC, (9. 5g/l Mn2^-0, 1 5g/l Ni^- ^ 
-0. 4g/I Fe^*-36g/l PO^^- -6. Ig/I N 

o s- -0. 3g/i F- ) %m^^u^vmc^y^y% 
%:.%Mm^mzmm^yii>%%LmmjmM^^^^ 

U:/5^>g^^i:¥i^!feT^2. 5 MmC0Cu15&*:feJ;^X 
¥i§^^?fil8, 0 0 OcOJf^UT^ H^a H^8i^^© 

C { 4.3m m<D=Lmit'e U y5'>«>5jc) 50 
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0 8OSfi%<i: (¥^§a^S2. 5/imCOCu®5K) <D 
2 OSa%75^^»:^^il'&«f*) <^-&Wfi3 / { 
^S1 8 , 0 0 0O#>J7^ H-f a H»|g) O-^^ 
fi} = 1 . 0 (MSJt) 

JKJ2 5aa%) 

COffl.^JtT«^$tl-&H«cifB«jW^S:mU 2 7 0t:T 

2 o^j-raofli^ffi^i^siUT^ nvm^i^mm^WLV^ 
ft. rut)t>. ^^m(Dmm\zj:,r)tty^^)>^i(ot3i 

1 Mm. ^KV^:^ >^{fc^ffl31S:8gg2 0 Mm:fec]:(yf 
H#:S«^K® 2 5 Mm;&^?.75:^H^S^Iii&^^^*{r 

mjgiiiv^^. mmmshmmiz. :t3y:/^j>^i:^^ 

r;tr>2(0:faDg63<hp^ ^)V-^—)V^ A\ZZi>n^> H 
iJ^U-X^^:mL.^l^^fl=T, >'-;^fiP4{C4, 00 0 

kg/cm2 (Dmm^n^x^^-:). m^mznvx:^- 

€r«€. KlyV(J:>^±mhE^\:.1^ii^-:>fzJf^. 12©@ 
[0 0 5 1] ittg^S 

\\zn\^x. mMm'^tM—<r>^mz^r^t^\:.mzt.:^ 
nmm 7 t.n-<Dw^vmmm^m^^^t.mz^ i^-^aa 

SJC<t DiP$ 2 5 Mm(DSft:fB«&KB^?l^«itb«6 
T, jtg^W<hLfCo KJt««i&SIJfi0II7<i:l^»{C. 3> 
/1*>>K^U-X^S^f|j-rSC:tfj:<. >'-7l.aS4(C 
4, OOOkg/cm^ (DMJE^W^-^bor), m^m\Z 

Srffofco ^Oii^m. liDjgU^X h4[pie{C@*i8f& 

[0 0 5 2] 3IJfiW9 
fltlSSI B ^ffi V^Tf^^ Lfcrtg 7 ^ >^0;^ y U >^ 
1 ^^ffllKJg^m^. (10%HNOj +1%HF) ^ 

Ti^mmiz^r^muxe o&<Dmfk. yf^mm. (3 3 o g 

/lFeS04 • 7H2 O- 1 2 g/1 CoC U •G 
H2 0-15g/lH8 BO3 ) 5S«6o#?g*T«:i«« 

S2 0A/dm2 , 4oiis^m(DmmieM\z^r). Pe- 

1. 2%Co^'&^de)o^®€r|9:tt;/^« *«fe. 
5%H2S04 *SJC<t^l O50>O»i5t, *i!fe^firoT, 
iSSO. 3 g/ 1 o (•T>:^>r3D^ H-t!DU>KV 
-y) ^i&i!i^tcJ:^^iaTl5^^r«lcoMSa^^fTV>. 
(9. 5g/i Mn^^-O. 15g/INi2^-0. 9g/l 
Fe'*~36g/1 PO43- ~6. Ig/I NO s" -1. 

og/1 F- ) j^m^^^u^mm^>i}>^i\:0i9!]tmm^ 
m^>x. 9 ox:. 12. s^mcymm^z^ommTy^ 

& 1 6 0t:T2 Oi^K^J»jP}»^ffo;^»> ^i^S^S 



(13) 

23 

<h LT^#f ^ t <h t) (C. 

SIS, 0 0 0<D)}^UT5H<^H«*Sg) <Z)##a) = 
1. 2 (fiSJt) 1^? 

2%co«^^M2, oum. mm^>:^>mtmmm 

r3>/1':7>H^U-X^t!>2coi3CgB3 t,:;^d^)Vi^— 
}VUA\zmMV. 5>-;PgB4{C4, OOOkgXcm^ 

v<om±ti^mbx^fs.<. $^mzimx$>'on:. 

[0 0 5 3] lt^^]9 

wznx^x. mMm^t.n—oyfimz^^nn. 

W&\Z. (150g/lFeSO4 •7H2 0-100 30 
g/lCoCi2 • 6H2 O-20g/lHs BO3 ) 
*«6o#?S4»T«fflE*ffi2 OA/dm^ . 40«>ra<D« 

n%tmz^r>. Fe- 1 5%Co^'&^56o^^^iStt 

*j<^iaii;gB3 t;<^;i/v'-;^g?4^c^i, Fe-i5%c 
^nrco mit^tt^mmm9hmm\zu>/^r^>}^^o 

— >^$S^U ;Pe54{C4. OOOkg/cm^ <Z> 



#gH¥8- 1 0 5 5 8 2 

24 

ifiiii#J5, jfeK<7>se«tt. i^m^w^^mzmmmin. 
^mzWi!K^\zm\^<mi^. ^<Dtc}^. ^-^yv 
zf. -^v-i^r^ h<r>^K^igvm^oym±\zm.x. & 

\zK^mm^n^TX(omd[-u >ifmzmv<»n^z: 

[0 0 5 4] 

(Dmmm^u. i o %&,±(dc r ^^^-r^mc r 

«^3^$n^wtt. m!^t3ii^zs\zmmiim\z&n^mi^m 
mAmm(Dmmz^r)^ ^m^mmf^mn^n^. ^<d 
fzii^. :$i^m(D-:^mz<i:r). r^^mmm'smmz 
m\f^nrc:^mmm&mm\t. &&mm<omm^^!^\z^ 
mm^^^zmiKmzmv<Bkn 

So t^^oT. *^§gco^r^lC<J:S»W«I^Ji, iSMEET 

[s 1 ] i^'%^^mm Xyfzm^m^w^^Tfc^m. 
[S2] &ai^«^gB«0M3i«i£^^t"iaT*So 

[«F^<DK§«] 

1 :^vrf^}>if 

2 fc:> 

3 ^aCSK 
4 
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mi] 



[a 2] 
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mmmm m mm 

SiS9!ia4bAW«&F«iK3««Bri#l-^ m 



(72mmm ma urn 

mmmit%mi^^mmiM.-Tm 7-5- 

208 
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